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Abstract
In thefirst experiment,conductedin a researchfacility,
Litopenaeusvanamei broodstockwere fedeither a 100%
freshfoodcontrol treatment(FRE, consistingof frozen
squid,oyster,museI andenrichedArtemiabiomassin a
2.3:1.4:1.3:1drymatteratio)oroneofthetwotreatmentsin
which 50% [dry matter(DM)] of the freshfood was
substitutedwithexperimentalartificialdiets:adrydietbased
on freeze-driedArtemiabiomass(ART) anda controldry
diet (CON). In the secondexperiment,conductedin a
commercialhatchery,shrimpbroodstockwere fedeithera
freshration (FRE, consistingof frozensquid,polychaetes
andenrichedArtemiabiomassina2.5:1.5:1DM ratio)or the
same xperimentalartificialdiets(ART andCON)replacing
50%of theDM byeliminationof polychaetesandArtemia
biomass.In experimentI treatmentsCON and ART
producedbetteresults(P =0.05)thantreatmentFRE in
termsof spawnperformanceandeggproductionperfemale.
In experiment2 no differencesweredetectedamongtreat-
mentsFRE andCON whereastreatmentART performed
better(P=0.05)in termsof spawning,eggproductionper
femaleandspermatophorequality.Broodstocksurvivaland
offspringqualitydidnotdifferbetweentreatmentsineither
experiment.
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Introduction
Dietisa factorthatinfluencesthereproductiveperformance
and offspringquality of penaeidshrimp broodstock
(Harrison1990).In captiveconditions,hatcherymanagers
relyonfreshor fresh-frozenfoodto ensureoptimalrepro-
ductiveoutput.FreshfooditemsaregeneraIlywild-caught
marineorganismsselectedaccordingtotheiravailabilityand
fedin mixedratiosto increasethechancesof meetingthe
nutritionalrequirementsof thebroodstockshrimp(Bray&
Lawrence1992;Pinon2000).Themostcommonlyusedfresh
foodorganismsaremoIluscs(squid,c1am,mussel),crusta-
ceans(shrimp,Artemiabiomass)and marinepolychaete
worms(bloodworms)(Harrison1997).Thedisadvantagesof
suchfreshfoodorganismsinc1udehighcosts,fluctuationin
availability,inconsistentutritionalvalue,needfor frozen
storage,waterfouling,lackof potentialfor improvement,
andincreasedriskoftransmissionfpathogenicbacteriand
viruses(Harrison1990,1997).
Artificialdrydietsarethemostlogicalchoicetosolvethe
problemsassociatedwithfreshfood.Theyhavea generaIly
stabIecost,constantavailability,constantandcontroIled
nutritionalvalue,longshelf-life,easyuseandlow risk of
contamination.In addition,essentialnutrients,hormones
andtherapeuticsaneasilybeadded.Unfortunately,artifi-
cial dry dietshavenotperformedas weIlas freshdiets.
Consequently,in commercialhatcheriesin the western
hemisphereonlyaround16%of thetotalfeedingregimeis
constitutedbyanartificialbroodstockdiet(Woutersetal.
2000).Thedevelopmentof suitablyperformingartificialdry
dietsforshrimpbroodstockis thusa researchpriority.
Thepresentstudyevaluatestheeffectonwildwhiteshrimp
LilopenaeusvannameiB.of50%freshfoodsubstitutionwith
two experimentalrtificialdietsin termsof reproductive
performance,spermatophorequalityandoffspringquality.
A previoustudy(Woutersel al.1999)demonstratedthat
supplementationf a freshfood broodstock diet with
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fresh-frozenArtemiabiomassimprovedL. vannameirepro-
ductiveoutputandlarvalquality.Spawnersthatreceived
Artemiabiomasshowedhighersurvivalpercentagesand
betterovarianmaturation,spawningandrepeatedspawning
performance.Moreover,the spawnersreceivingArtemia
biomassproducedbetteroffspringin termsof egghatch,
larval survivaland larval length.Artemiabiomassis
collectedfrom salt lakes,salinas,man-managedpond
productionsandintensiveculturesystemsforusein shrimp
andfishhatcheries(Lavens& Sorgeloos1996).With the
increasingthreatof viral pathogensworldwide,seriously
affectinghatcheryandgrow-outproductionin theshrimp
industry,theneedemergesfor improvedhygieneandstrict
biosecurity(Browdy1998).This inc1udestheuseof dry
feedsthatarefreeof pathogens.Theprocessof makinga
dry extrudedbroodstockdiet - preconditioning,extrusion
and drying(Harper1988)- will indeedeliminateviabie
bacteriandviruses(ChrisDinneweth,INVE TECHNOL-
OGIES N.V., Baasrode,Belgium)becauseof the heat
treatment(Changetal. 1998)andtheextractionof water.
Severalstudiesin Thailandshowedthat theprocessing
temperaturesanddryingusedfor preparationof shrimp
headmealandthetemperaturesfor pelletproductionare
sufficientto inactivateanywhitespotvirusor yellowhead
virusthatmightbepresent(Flegel2001).Althoughtheuse
of fresh-frozenArtemiabiomasshasnot beenassociated
with an increasedrisk of infections,hatcherymanagers
preferdry dietsto naturalingredients.Processingthis
Artemiabiomassintoa mealandincorporatingit intoan
extrudedbroodstockdietcouldhelphatcherymanagersto
reducethe risk of transmittingpathogensto theshrimp
broodstock(Harrison1990,1997).Thequestionremainsif
thebeneficialeffectsof frozenArtemiabiomassonshrimp.
reproductiveperformancearemaintainedafterthesepro-
cessingsteps.It wasassuchanadditionalaimof thisstudy
to verifythis.
Materials andmethods
Experiment1:Researchfacility
AnimalsWild L. vannameiwerecaughtby artisanalfisher-
menon theEcuadoriancoastbetweenAyangueandOlón
(GuayasProvince)andbroughto theCENAIM research
facilitiesin SanPedro.Uponarrivalanimalsweretreated
againstfilamentousbacteria,fungalandprotozoani fections
withformalinaccordingto themethod escribedbySimon
(1982)andkeptin maturationtanks.OnceenoughanimaIs
wereavailablefor theexperimentalwork,theanimalswere
acc1imatedto theexperimentalconditionsfor a periodof
2 weeksduringwhich they were red on the different
experimentaldietsdescribedbelow.
ExperimentalconditionsUnilateraleye-stalkablationwas
appliedto thefemalesby cuttingand pinching,andthe
intacteye-stalkwasmarkedwithnumberedringsto allow
individualmonitoring.Each tank was stockedwith 40
femalesand 45 males.Cultureconditions,daily routine
andmonitoringof evaluationparameterselatedto brood-
stockperformanceandoffspringqualitywereasdescribed
by Woutersetal. (1999).Oval-shaped(5x 3m; 19.6m2)
blackfibreglassmaturationtankswereused,suppliedwith
sand-filteredand UV-treatedseawaterfroma reservoir
tank.Waterwasexchangedat a rateof 250%daily to
keepwaterqualityoptimalandsimilarin all tanks.Water
temperaturein thematurationtankswas29.4:!::0.3°C,
salinity32.7:!::0.8g L-I, and pH 8.4:!::O.I. A timer-
controlled,invertedphotoperiodof 14h light:lOh dark
wasadopted,with gradualtransitionbetweenlight and
darkhours.Matedfemalesweretransferredto individual
300-Lblackspawningtanks,and from eachspawnthe
eggswerehatchedout in 20-L buckets.Nauplii were
collectedafterphototacticselectionand stockedin l-L
bottlesata densityof 100L-1anda temperatureof 29°C
untilmetamorphosisto zoea1(ZI). Thehatchingpercent-
agewasestimatedbyconcentratingtheviabIenaupliin a
10L bucketandcountingfivesubsamples.Thepercentage
of eggfertilizationwasdeterminedby thepresenceof a
doublemembraneand/orembryonicdevelopment.ZoeaI
lengthwasmeasuredwitha profileprojectoronsamplesof
30zoeaeach.Spermatophorequalitywasbasedon sperm
count and spermatophoreweight(accordingAlfaro &
Lozano1993).
DietarytreatmentsDuringtheacclimationperioda feeding
rateof 2.1% day-Idry matter(DM) of thetotalshrimp
biomasswasapplied.Afterablationthefeedingratewas
increasedto 3.15%day-I DM. One dietarytreatment
consistedofafeedingregimeof frozenfreshfoodcontaining
squid,oyster,musselandenrichedArtemiabiomassin a
2.3:1.4:1.3:1ratio (DM) and is denominated'FRE'. The
enrichedArtemiabiomasswasongrownArtemiaharvested
fromsaltevaporationpondsat SanFranciscoBay(USA)
and enrichedwith menhadenfish oil and astaxanthin
accordingto thestandardbio-encapsulationmethodused
by San FranciscoBay BrandInc (CA, USA). In two
additionaldietarytreatments,50%DM of thefreshfood
wassubstitutedwithexperimentaldrydiets.In theselatter
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treatments,theenrichedArtemiawascompletelysubstituted,
whilesquid,oysterandmusselwerefedinreducedquanûties.
The two experimentaldry dietswereformulatedto be
isolipidicandiso-nitrogenous(TabieI): dietCON (control
diet),anddietART (dietcontaining33%Artemiameal).
TheArtemiamealwasalsoaSFBBproductprovidedtous
by INVE AmericasInc (SaltLakeCity,UT, USA).This
productwasfreeze-driedandgroundthrougha 500-1UIl
screen.AH theingredients(Tabie1)weremixedwith45%
(w/w)warmwater(100°C)andtheresultingdoughwas
heatedandpressedthroughthe3-mmorificedieofa semi-
TableI Compositionof the artificialbroodstockdietsfed to
Litopenaeusvannamei(% drymatter)inexperiments1and2
CON ART
Experiment 1 & 2 Experiment 1 Experiment2
Ingredients
Squidmeal' 35
Artemiameal2 0
Fishmeal3 15.91
Krillmeal" S
Fishhydrolisates" 5
WheatglutenS 6
Soybeanmeal' 5
Wheatmeal' 4
Camstarch6 14.535
Fishoil' 1.16
Egglecithin8 1
Cholesterol" 0.5
Vitaminmix'. 2.28
Mineralmix" 2.1
Atractant' 1.5
8inder'2 1
Etoxiquin'2 0.015
Formulatedcomposition
Moisture 6
Protein 52
Lipid 10.5
19
33
7.98
3
3
6
5
4
9.565
1.06
1
0.5
2.28
2.1
1.5
1
0.015
28
20
9.79
3
3
6
5
4
11.755
1.06
1
0.5
2.28
2.1
1.5
1
0.015
6
52
10.5
6
52
10.5
,Rieber & Son, Bergen, Norway.
2 InveAmericas Inc..Salt Lake City, UT. USA.
3 CIPSSA, Puerto Montt. Peru.
" Profish SA, Santiago. Chile.
, AJimentsa,Guayaquil,Ecuador.
6Sumesa,Guayaquil,Ecuador.
, Pronova8iocare,Oslo,Norway.
8 LucasMeyer.Hamburg,Germany
" Sigma,St.Louis.MO.USA
,. VItamin mix (mgkg-' diet): ascorbicacid, 1000; biotin. 5; Ca
pantothenate,500;calciferol(D3),12.7;choline,3500;cyanocobalamine
(B12).0.3;folieacid,15;inositol,4000;menadione(K3).40;niacine,750;
p-aminobenzoicacid.100;pyridoxineHCI,120;riboflavin(8,2).200;
thiamine,120;vitaminA palmitate.67;a-tocopherol.400.
"Mineralmix(mgkg-' diet):cobaltchloride.0.249;coppersulphate.7.7;
Fe citrate,624;KH2PO..7998;KlOJo0.747;manganesesulphate,40;
sodiumphosphate,6258;sodiumselenate.0.249.zincsulphate.324.
12Nutri-AdInternational.Kasterlee.Belgium.
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industrialmeatgrinder.AH holesbutoneof thediewere
blockedto increasepressure.The strandsweredriedin a
ventilatedovenat60°Cfor2handkeptin sealednitrogen-
ftushedplasûcbagsat-20°C untiluse.Eachtreatmentwas
fedtoasinglebroodstocktankfor70days.
Experiment2:Commercialfacility
Anima/sWildmaleL. vannameiwerecaughtnearSanPablo
(GuayasProvince,Ecuador)andbroughto thecommercial
hatcheryfacilitiesof GranjasMarinas(EI RosarioS.A) in
Barandua.Wild femaleL. vannameiwerecaughtin the
EsmeraldasProvinceandtransportedto Baranduabytruck,
withanimalsplacedinindividualnetsininsulatedtankswith
oxygenatedandcooledseawater.Theseanimalswerekeptin
rectangularcementtanksfor approximatelyI weekbefore
eyestalk-ablationandtransfertothematurationtanks.
CultureconditionsFemalespawnerswereablatedandringed
asdescribedin experimentI. Theculturecondiûonsin this
testwerethoseroutinelyusedbyGranjasMarinas:round7-
tontanksmadeof fibreglass,50femalesand50malesper
tank,300%dailywaterexchangewithseawaterofapproxi-
mately29°C, two air stonediffusersper tank,natural
photoperiod.Tank bottomsweresiphonedoncedaily.
Gravidfemalesweresourcedin theeveningandtransferred
to individualspawningtanks.Upon spawning,eggswere
concentratedin harvestingbucketsand subsampleswere
takenfor eggcountsandfurtherestimationof offspring
qualityaccordingto themethodescribedin experimentI.
As broodstockreplacementis a continuousprocessin
commercialhatcheryapplications,everynewlyintroduced
femalewasmarkedandthemonitoringof its reproductive
performancestartedafter2 weeks,overaperiodof 50days.
In total,107femalesweremonitoredineachtreatment.Each
treatmentwasfedtoa broodstocktankfor 80days.
DietarytreatmentsA feedingrateofapproximately4%day-
I DM wasappliedin aHtreatments.Onedietarytreatment
wasthenormalfeedingregimeof thishatchery(FRE) and
consistedof frozenfreshsquid,polychaetesfromMaine,
USA (G/yceradibranchiata)andenrichedArtemiabiomassin
a 2.5:1.5:I ratio(DM).
As in experimentI, 50% DM of thefreshfoodwas
replacedwithexperimentalartificialdietsCON andART.
In thesetreatments,hepolychaetesandtheenrichedArtemia
weresubstitutedcompletely,whilesquidwasfedin thesame
quantityasin theFRE treatment.Formulationandprepar-
ationof theartificialdietswerethesameasinexperimentI,
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excepthatdietART contained20%DM Arlemiameal
insteadof 33%(TabieI).
Statisticalanalyses
Becauseof systemlimitationsin theexperimentalset-up,
eachdietarytreatmentwas testedin one tank without
replication.Individuallytaggedanimalsor spawnswere
takenastreatmentreplicatesfor statisticalnalyses.Thisis
the mostcommonlyusedstatisticalprocedureappliedin
shrimpreproductiontrials(e.g.Browdyelal. 1989;Bray
el al. 1990;Robertsonelal. 1991;Menasvetaelal. 1994;
Xu el al.1994;Cahuel al.1995;Cavallielal.1997;Naessens
el al. 1997;Wybanel al.1997;Wouterselal.1999).Possible
effectscausedby individualvariationamongexperimental
animalswerereducedby randomlystockingthetanksand
previousresearchhas demonstratedthat between-tank
variabilityis minor(LuisGómez,CENAIM-ESPOL Foun-
dation,unpublisheddata).Infertilespawnswerenotconsid-
ered.When necessary,dataexpressedin percentageor
fractionswereasin"transformedtoobtainnormaldistribu-
tions,althoughunadjustedmeansarepresented.One-way
ANOVA(Meadelal. 1993)wasappliedforstatisticalnalysis
(STATISTICA, Statsoft).An ANCOVAwasappliedinexperi-
ment2 for thenumberof eggsproducedperfemale,with
numberof spawnsas covariate.Chi-square(Meadelal.
1993)wasusedfor evaluatingthenumberof spawns,the
numberof femaleswithatleastonespawningevent,andthe
numberof femaleswithrepeatspawnperformance.Distri-
bution-freeparameterswerenot analysedstatistically.To
allowstatisticalprocessingof survivaldata,eachfemalewas
assigneda calculatedpercentagevalue,termed'usefulife-
time',whichcorrespondsto thenumberof dayssurvived
relativeto the totalnumberof daysof the experiment
(postablation).Referencetosignificantdifferencesareatthe
5%level.
Results
Femaleperformance
The resultsof experiments1 and 2 are summarizedin
Tables2and3,respectively.Usefullifetimepercentageswere
low in bothexperimentsanddid not differsignificantly
amongtreatments.Tbe dailymaturationfrequencywas
significantlyhigherin treatmentCON thanin theremaining
treatments(onlyevaluatedinexperimentI). In experimentI,
thespawnfrequencyandthetotalnumberof spawnswere
higherin thetreatmentshatreceivedartificialdiets(CON
andART) ascomparedwithtreatmentFRE. Thisrelation
wasalsoheldtruewith significantdifferencesfor repeat
spawnperformance.Tbe numberof eggsproducedper
.. .. .
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Table 2 Reproductiveperfonnanceof females,spennatophorequalityand offspringqualityof Ulopenaeusvannameishrimpin experiment1
(researchfacility)as a functionof dietarytreatment.Mean ::t:SD arepresented
Dietarytreatments
FRE n CON n ART n
Femaleperformance
Usefullifetime(%) 49.0:!:16.6' 40 46.0:!:16.9' 40 42.1:I:20.7" 40
Maturationperfemaleperday 0.114:!:0.051' S1 0.142:I:0.064b 57 0.121:I:0.059' 57
Spawnsperdayperfemale' 0.021:!:0.012 40 0.043:I:0.023 40 0.040:I:0.025 40
Totalspawns 22 60 50
No.of femaleswith ;?;1spawn 18' 26- 23'
No.of femaleswith ;?;2spawns 3- 17b 14b
Fecundity(eggsperspawnx 10') 181.6:I:76.0' 22 213.5:I:67.8- 60 230.8:I:80.1- 50
Eggsperfemale 226.8:!:132.8- 40 480.5:I:296.7b 40 501.7:I:449.2b 40
Spermatophorequality
Spermcount(106) 17.38:!:12.89- 37 15.57:!:8.84- 28 21.29:!:14.82- 36
5permatophoreweight(g) 0.068:I:0.022- 37 0.074:I:0.023- 28 0.076:I:0.026- 36
Offspringquality
Eggdiameter(mm) 0.270:!:0.003- 22 0.271:I:0.006- 60 0.271:I:0.005- 50
Eggfertilization(%) 51.6:I:48.3- 22 52.6:I:47.7- 60 69.2:I:43.6' 50
Hatch(%) 39.5:I:29.9- 22 38.4:I:32.6- 60 52.9:I:29.3- 50
Deformednauplii(%)' 3.8:1:8.0 18 3.3:1:5.1 54 5.1:1:6.6 45
Larvalsurvival(%)' 56.4:!:35.3 18 66.8:!:28.4 54 67.1:I:24.0 45
Zoealength(jlm) 908.6:I:84.6" 18 901.9:I:54.4- 54 903.6:I:43.9- 45
1Distribution-freedatawereobtained.forwhichnostatisticaIanalysiswasapplied.
Meanswithdifferentsuperscriptsinthesamerowaresignificantlydifferent(P S 0.05).
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femalewasalsosignificantlyhigherin treatmentsCON and
ART ascomparedwithtreatmentFRE. In experiment2,the
spawnfrequencywasequalintreatmentsFRE andART, but
lowerin treatmentCON, whilethetotalnumberof spawns
andthenumberof femaleswithrepeatspawnperformance
wereequalamongtreatmentsFRE andCON, buthigherin
treatmentART. Thisdifferencewasstatisticallysignificant
forthenumberoffemaleswithtwoormorespawningevents.
Furthermore,inexperiment2 henumberof eggsproduced
perfemalein treatmentART wassignificantlyhigherthanin
treatmentFRE, butnotsignificantlydifferentfromtreatment
CON. Fecundity,or the numberof eggsreleasedper
spawningevent,wasnotaffectedby dietarytreatmentin
eitherexperiment.
Spermatophorequality
In experiment1spermcountandspermatophorew ightdid
not significantlydifferamongtreatments.In experiment2
theseparametersweresignificantlyhigherin treatmentART
than in the remainingtreatments.Spermcountswere
generallyhigherinexperiment1 haninexperiment2.
Offspringquality
Offspringqualityparameterswerenot affectedby dietary
treatmentinanyoftheexperiments.Ingeneral,thequalityof
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theoffspringproducedin experiment2 washigherthanin
experimentI.
Discussion
Mortalityrateswerehighthroughoutboth experiments,
resultingin usefullifetimepercentagesbelow 50%.It is
knownthatadultshrimpareverysensitivetostress(Bray&
Lawrence1992;Browdy1992;Mosquera1999).For exam-
ple,Naessenselal. (1997)report50%mortalityof wild
L. vannameiduringacclimationtocultureconditions.How-
ever,inthepresentstudy,stressconditionswerereducedtoa
minimumby improvingtransportfromthebeachto the
hatcheryfacilities(shortertransportime,coolingof the
transporttanks,placingthereproducersin smallindividual
nets),carefulhandlingandavoidingnoise.Frompersonal
experienceit seemsthathighmortalityratesare almost
inevitabiewithwildreproducersof thespeciesL. vannamei.
In agreement,highfemalemortalitiesarereportedasaresuit
of tanktransfersandsourcingof L. vannamei(Galgani&
AQUACOP 1989;Naessensel al. 1997;Sanghaelal. 1998)
andotherspecies(Menasvetaelal.1994;Cavalliela/.1997).
Theonlyviabiewaytoobtainsufficientresearchdatainthese
conditionswasto stockandmonitora largenumberof
animalsin thematurationtanks.
On average,84%of thefeedingregimein commercial
facilitiesof thewesternhemisphereis basedon freshfood
Table3 Reproductiveperfonnanceof female,spennatophorequalityand offspringqualityof Lilopenaeusvannameishrimp in experiment2
(commercialfacility)as a functionof dietarytreatment.Means :!::stdevarepresented
Dietarytreatments
FRE n CON n ART n
Femaleperformance
Usefullifetime(%)' 40.5:t 42.4 107 44.2:t 43.4 107 46.7:t 41.2 107
Spawnsperdayperfemale' 0.057:t 0.437 107 0.040:t 0.189 107 0.051:t 0.227 107
Totalspawns 36 39 53
No.of femaleswith2:1spawn 25' 25' 28'
No.of femaleswith2:2spawns 8' 7' 17b
Fecundity(Eggsperspawnx 10') 195.9:t 89.4' 36 192.2:t 88.3' 39 231.2:t 109.6. 53
Eggsperfemale 282.1:t 187.5' 107 293.2:t 211.8.b 107 452.2:t 200.4b 107
Spermatophorequality
Spermcount(106) 6.23t 5.69' 20 7.72t 4.16' 20 12.02:t 6.24b 20
Spermatophoreweight(g) 0.0490t 0.148' 20 0.0461:t 0.206' 20 0.0768t 0.226b 20
Offspringquality
Eggfertilization(%) 75.2t 30.6' 36 75.9t 27.0. 39 83.2t 24.1' 53
Hatch(0/0) 72.5t 33.1' 36 74.7t 27.5' 39 81.1t 25.7' 53
Deformednauplii(0/0)1 0.9t 0.3 36 1.0t 0.1 39 0.9t 0.2 53
Larvalsurvival(0/0) 77.1t 20.8' 36 77.8:t 19.4' 39 69.2t 20.2' 53
, Distribution-freedatawereobtained.for whichnostatisticalanalysiswasapplied.
Meanswithdifferentsuperscriptsinthesamerowaresignificantlydifferent(P S 0.05).
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itemslike squid,mussel,marinePolychaetesandothers,
whilein Asiaa totaldependenceonfreshfoodseemsto he
therule(Wouterselal. 2000).The reasonfor thisis that
highreplacementlevelsof freshfoodwithartificialdiets
reducebroodstockperformanceand offspringquality
(Harrison1990;Brayelal. 1990;Bray& Lawrence1992),
becauseartificialdietsdo not meettheexactnutritional
requirementsof shrimpduringthematurationprocessand
becauseof the preferentialingestionof freshfood over
artificialdiet. The presentstudy clearlysuggeststhe
feasibilityof substituting50% of the freshfood with
artificialbroodstockdiets.This freshfoodsubstitutiondid
not affecttheresponsevariablesnegatively.On thecon-
trary,spawnfrequencydoubledinexperimentI (treatments
CON andART) and theproductionof eggsper female
doubledin experiment2 (treatmentART). In bothexperi-
ments,repeatspawnperformancewas improvedin the
treatmentsfedtheartificialdiets,whichmeansthatspawner
exhaustion- that typically occurs over time in captive
broodstockanimals- was overcome.Femaleperformance
wasbetterin treatmentsreceivingartificialdietsthanin the
freshfood treatment,hussupportingthequalityof our
practicalartificialdiet.Thedevelopmentof thedietusedin
thisstudywasbasedupontheinformationacquiredfrom
literatureandanalysisof existingcommercialbroodstock
diets(Wouterselal. 2001),anda seriesof trial-and-error
experiments.The presentresultsconfirmthefindingsof
Nascimentoel al. (1991)with Lilopenaeusschmitti,that
combiningfreshfood and artificialdiets in a shrimp
broodstockfeedingregimeis a betterpracticethanrelying
on freshfoodalone.Severalabstractshavebeenpublished
fromstudiesthatalsoevaluateda 50%freshfoodsubsti-
tutionwithdrydiets:Verstraeteelal. (1995)andCoutteau
el al.(1998)withL. vannamei,andDenecelal.(1999)with
LilopenaeusSlyliroslris.Verstraeteelal. (1995)obtainedan
increasedmaturationfrequencyin tanksfedthedrydiet,
but a decreasein egghatchingpercentageandspawning
size.At the end, the productionof naupliiper female
remainedunaffectedby thepartialfreshfoodreplacement.
Coutteauel al. (1998)obtainedan improvedsurvivalrate,
but an inferiorproductionof naupliiper female.Denece
el al. (1999)obtainedsimilareproductiveperformanceand
naupliiqualitywithdrydiets(50%)or freshfood.Noneof
theprevious tudiesreportedresultsas positiveas those
obtainedin thepresentstudy.
Freshfoodsubstitutionlevelsabove50%havenot yet
provensuccessful.In contrast,moistartificialdietsor
artificialdietscontainingmincedfreshfoodhavebeenused
successfullyfortotalfreshfoodsubstitutionbyGalganielal.
(1989)andGalgani& AQUACOP (1989)for L. slyliroslris,
L. vannameiandFenneropenaeusindicus,andby Marsden
el al. (1997)withPenaeusmonodon.However,thesediets
havea shortshelf-lifeand low waterstability,limiting
commercialpplication.
It is worthemphasizingthe fact that the freshfood
itemsthat weresubstitutedin the presentcommercial
hatcherytrial werepreciselythosethat are presumed
indispensablefor normalmaturationandreproduction,i.e.
bloodwormsandenrichedArlemiabiomass(Browdy1992;
Kawahigashi1992;Naessensel al. 1997).In hatcheriesof
thewesternhemisphere,bloodwormsconstitutethemost
expensivebroodstockdietingredient(Rhodesel al. 1992;
Kawahigashi1992,1998),and their replacementwith
dry dietis setasa priorityby variousauthors(Harrison
1997).
In a preliminarystudy(Wouters2001),it wasfoundthat
incorporatingfreeze-driedArlemiabiomassintoanartificial
broodstockdietincreasedietingestion,improvedgonad
maturationin femaleandmaleL. vannamei,andincreased
spawningandrepeatspawningperformance.Thisbeneficial
effectof Arlemiamealwas,however,morepronouncedin
pondreproducersthanin wild reproducers.The present
studylooksfurtherintothepotentialof Arlemiamealasan
ingredientindrydietsforwildreproducers.In experimentI,
a positiveeffectof ArlemiamealincIusioncouldnot be
confirmed.Onthecontrary,inexperiment2 heinclusionof
freeze-driedArlemiatotheartificialdiethadvariouspositive
effects:morespawns,betterrepeatspawnperformance,
highereggproductionperfemale,higherspermcountsand
anincreasedspermatophorew ight.Theseresponsessuggest
thatthebeneficialeffectsoffresh-frozenArlemiabiomass,as
reportedin Wouterselal. (1999)for thesamereproductive
parameters,aremaintainedafterprocessingit intoa meal
andincludingit toanartificialdiet.
Theresultsof experimentI weresometimesdifferento
thoseobtainedin experiment2 (theeffectof freshfood
substitution,theeffectof ArlemiamealincIusion,sperm
counts,offspringquality).It is impossibleto pinpointone
causefortheseobserveddifferences.Seasonal-environmental
effectsandgeographicaleffectsmayhavecontributedtothese
differences(Hansford& Marsden1995;Marsdenel al. 1997).
Differentmaturationfacilitiesandenvironmentalconditions
mightalsohavecontributedtotheobservedvariation(Bray
& Lawrence1992).
In conclusion,this study suggeststhe feasibilityof
substituting50%of theclassicalfreshfoodregimewith
practicaldry artificialdietsin L. vannameibroodstock
facilities.In thisway,bloodwormsandArlemiabiomass
~ 2002 BlackwelIScienceLtd AquacultureNutrition8;249-256
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maybedeletedfromthefeedingregime.TheuseofArtemia
mealappearsto furtherimprovetheperformanceof tbe
artificialdiets.
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